OBJECTIVE: To identify childhood body mass index (BMI) trajectories and to describe their association with subsequent academic and cognitive outcomes. STUDY DESIGN: Prospective cohort: Height and weight measured annually from 4 to 7 years. A mixture of regressions approach grouped children into BMI trajectories (n ¼ 1959 children; n ¼ 5754 BMI measures). Academic outcomes included teacher-rated progress and achievement. Cognitive outcomes measured by Kaufman's Assessment Battery for Children. Academic and cognitive outcomes were regressed according to BMI trajectories, controlling for family and individual covariates. Subjects drawn from Quebec Longitudinal Study of Child Development (Canada), a 1998 birth cohort (n ¼ 2120). RESULTS: Four clusters of BMI trajectories emerged: two healthy weight groups, one overweight group and one low weight group. Relative to healthy weight, belonging to the overweight or low weight clusters was negatively associated with cognitive and academic outcomes. With the exception of the low weight cluster, this relationship was insignificant in the adjusted model. CONCLUSIONS: Results suggest that during childhood being overweight does not increase risk for poor educational outcomes. Instead, being underweight may the increase risk for poorer cognitive outcomes. Further group-based trajectory modeling (GBTM) for BMI development over time is needed to confirm results.
INTRODUCTION
Overweight and obesity are becoming increasingly commonplace in North American youth. 1, 2 In Canada, the prevalence of overweight and obesity over the past quarter century has more than doubled and tripled, respectively. 3 These figures follow the same trend as American children. 2 Accordingly, there are disturbing simultaneous increases in previously uncommon cardiovascular, hepatic and endocrine problems in children. 4, 5 The consequences of childhood obesity on physical health and longevity are well established. 6 Research assessing the relationship between childhood obesity and psychosocial health is emerging. [7] [8] [9] [10] Particularly, concerning is a growing body of research suggesting childhood obesity inversely associates with academic performance. [11] [12] [13] [14] [15] Evidence elucidating the relationship between weight status and academic outcomes has been overwhelmingly cross-sectional and few studies have distingui shed predictive associations from other explanatory variables and unmeasured bias. We find a lacuna of longitudinal evidence and the need to confirm cross-sectional findings. 13, 16, 17 A developmental trajectory approach is needed to advance this knowledge. 18 The aim of this study is twofold; first, to classify children into empirically driven clusters of developmental body mass index (BMI) trajectories and second, to determine if BMI trajectories predict later educational outcomes.
The literature is inconclusive regarding the relationship between overweight status in childhood and academic performance. 18 With one exception, 17 research identifies empirical evidence as incomplete, 19 weak 18 or emerging. 13, 16, 20 Overweight status is hypothesized to associate with academic outcomes through two potential pathways: the physiological and psychosocial. 19 Physiological pathways consider biomarkers such as blood pressure or acanthosis nigricans 16, 21 (a potential marker for type 2 diabetes) physical fitness indicators 17, 22 (for example, aerobic endurance and exercise practices), and/or morbidities 15, 23 (for example, sleep apnea, altered glucose metabolism and hormone over secretion) as suspect to disturb cognitive, learning and/or memory functioning. Psychosocial pathways consider emotional psychological morbidities and/or weightrelated bias or discrimination, 19 (that is, stigmatization and teasing) 17 as influencing self-esteem, 20 internalizing and externalizing behavior problems and thus as mediating or moderating children's academic performance. 17, 24 The emergence of group-based trajectory modeling (GBTM) 25 within the field of child and adolescent health coincides with an uncertainty regarding the appropriateness of age-specific BMI classifications based upon cross-sectional data or early accelerated weight gain, to predict later health risks. 26, 27 The GBTM approach responds to the need to consider fluctuations in childhood and adolescent weight status and how various developmental patterns of weight change within individuals explain inter-individual difference in lifestyle or metabolic factors. In this respect, GBTM provides an empirically driven means to 'explore the heterogeneity in children's full patterns of weight change' (page 2067) in order to identify clusters or groups of individual development in relation to health risk later in life. 26 The use of this methodological approach to study weight change during childhood and adolescence is emerging and at this time, there is a need for knowledge specific to early and middle childhood. 28 We aim to identify childhood BMI trajectory clusters and to describe their association with subsequent academic and cognitive outcomes. Our study offers a unique contribution to the extant evidence that has yet to use a developmental approach to unhealthy weight and subsequent academic performance, above and beyond pre-existing cognitive and behavioral characteristics.
MATERIALS AND METHODS Participants
Participants were drawn from the Quebec Longitudinal Study of Child Development coordinated and financed by the Quebec Ministry of Health and Social Services, 29 based upon a representative sample of live singleton births (n ¼ 2120) registered in Quebec, Canada in 1998. From the initial cohort, a total of 1865, 1237, 1170 and 1482, height and weight measures were taken through the ages of 4 and 7 years. Academic and cognitive outcomes were measured the following year (average age of 8.2 years).
Teacher assessed academic achievement, academic progress and classroom engagement were obtained from 1268, 1266 and 1215 participants, respectively. Cognitive outcomes based upon Kaufman's Assessment Battery for Children (KABC) part 1 and part 2 were respectively collected for 1457 and 1447 participants. Children were clustered into a BMI trajectory when height and weight were provided for at least one out of the four annual measurements (n ¼ 5754 measures of BMI). In all, 744, 586, 391 and 238 participants provided 4 measures, 3 measures, 2 measures and 1 measure of BMI, respectively. At least one valid BMI measure was obtained from 1959 participants. Missing cases were excluded list-wise.
In order to reduce bias and to maintain the representativeness of the sample, data were weighted by a factor based on the inverse of the selection probability, the probability of non-response, the post-stratification rate and the attrition rate, as described elsewhere 30, 31 to ensure that the data were longitudinally representative of the population of children at 8 years of age. Participants who did not provide valid data during the final follow-up in 2006 had a higher proportion of mothers without a high school diploma at baseline (21.8; 95% confidence interval (CI): 19.0-24.6; n ¼ 853) compared with those retained in the analyses (15.7; 95% CI: 13.7-17.8; n ¼ 1264). However, when data were weighted no significant difference in educational status at baseline remained between participants who were retained in the analysis (19.1; 95% CI: 16.8-21.5; n ¼ 1264) versus those who were lost due to attrition (21.8; 95% CI: 19.0-24.6; n ¼ 853).
Measures
Dependent variable. Academic and cognitive outcomes Academic achievement: Teachers responded to the question 'How would you rate this child's current academic achievement iny' for each of reading, math and writing on a five-point scale, ranging from achieving (1) near the top of the class; (2) above the middle of the class, but not at the top; (3) in the middle of the class; (4) below the middle of the class, but above the bottom; (5) near the bottom of the class. An overall reading, writing and math achievement score was derived from the mean of a minimum of two out of three valid responses. Scores were analyzed as continuous and standardized to a normal scale.
Academic progress: Teachers responded to the question 'How would you currently evaluate this child's progression (or learning y) in y?' for each of reading, math and writing on a four-point scale, ranging from progressing (1) very easily; (2) easily; (3) with some difficulty; (4) with a lot of difficulty. An overall reading, writing and math progress score was derived from the mean of a minimum of two out of three valid responses. Scores were analyzed as continuous and standardized to a normal scale.
KABC: Trained interviewers completed this standardized test with children either at their home or during school time. KABC is a clinical instrument, available in both French 32 and English, 33 used for assessing cognitive ability and mental processing. In the first part of the test, children read aloud and decipher (interpret or define) a set of individual words. In the second part of the test, based upon reading and comprehension, children read aloud a phrase and act out the corresponding situation. For each part, the test comes to an end when child makes four consecutive errors. Scores are age standardized and analyzed as continuous ranging from 50 to 160.
Independent variable: BMI trajectory cluster. Children's height and weight were measured by a research assistant following a standardized protocol detailed elsewhere. 34 Measures taken annually, beginning in 2002 and ending in 2005, were used for this study. Individual trajectories were analyzed for clustering using a semi-parametric analytic procedures described below.
Control variables. Neonatal risk factors including breastfeeding duration (scores ranged from 0 to 18 months) and low birth weight (dichotomous score) and sex were retained in all models.
Sociofamilial Adversity Index is a composite measure of family structure, age of parents at birth of first child, education and occupational status of parents and has been used in the past to describe the socioeconomic status of the Qué bec population. 35 This measure was derived from data collected by face-to-face interview with PMK (person most knowledgeable) when the child was born. Following procedures outlined by Vitaro et al., 35 we scored family structure as 0 if the child was living with both natural parents, otherwise a score of 1 was given. Age of parents at birth of first child, educational and occupational status were scored as 1 when the score was in the bottom quartile and as 0 for higher values. Scores were analyzed as continuous, ranging from 0 to 4. Participants with a score of 2 or more are defined as having moderate to high adversity (n ¼ 442) and those with a score of 1 or less as low adversity (n ¼ 1472).
Cognitive abilities were assessed in 2001, when cohort was on average 3.2 years of age (1 year before the baseline BMI measure) using the French adaptation of the Peabody Picture Vocabulary Test -Revised. 36 Scores are continuous ranging in values from 1 to 100.
Internalizing and externalizing behavior problems were assessed for the first time when the cohort was on average 3.2 years of age (PMK ratings) and again when the cohort was on average 7.2 years of age (teacher ratings). Internalizing behavior assessed emotional troubles and anxiety and externalizing behavior assessed hyperactivity and inattention. Teacher rating scales measures at 7.2 years also included aggression and opposition (externalizing) and social exclusion (internalizing). Scores are continuous ranging in values from 0 to 10. Cronbach alphas ranged from 0.69 to 0.82.
Data analysis
Data analysis began with a latent class growth analysis, a semi-parametric approach to identify if individual BMI trajectories could be described by inter-individual clustering. 37, 38 This approach is well suited to test the extent to which there are groups in a population that follow distinct developmental pathways. 39, 40 This approach is distinct from ordinary least square regression in that it permits variation in the data to be explained by more than one best fit regression line or curb. The FlexMix statistical package utilizing Expectation-Maximization algorithm to estimate regressions was used for the data analysis. 41 Both linear and quadratic models were tested and the number of regressions (trajectories) was determined with the Bayesian Information Criteria. Participants were classified into the most probable trajectory based on posterior probabilities.
The next step in the analysis was to test if belonging to a particular BMI cluster was associated with each of the five dependent variables. Each model was re-estimated while taking into account child and family factors that could be viewed as potential explanations of the relationship tested in the first model. Two separate analysis were completed with the first including all subjects with at least one valid BMI measure and a second including only subjects with two or more valid BMI measures.
RESULTS
Four clusters of quadratic BMI trajectories best fit the BMI longitudinal data (n ¼ 5754 repeated measures) (Figure 1 ). Two weight trajectory clusters were formed with an intercept in the range of healthy weight according to international BMI cutoffs' for children 42 and slopes small or non-significant (healthwght1; 41 , n ¼ 1298), suggesting that this cluster has low weight for age. A total of 1959 participants provided at least one valid measure of BMI between the ages of 4 and 7 years whereby 70.0% (n ¼ 1372) fall into a healthy weight cluster, 23.4% (n ¼ 459) fall into a low weight cluster and 6.5% (n ¼ 128) fall into an overweight cluster.
Descriptive statistics for the pertinent child and family characteristics as well as academic and cognitive outcomes are reported according to empirically driven weight status clusters (Table 1) . Empirically driven weight status clusters are compared with international 42 and CDC 43 weight status classifications, specific for age and sex ( Table 2) .
Our data reveal insufficient evidence to suggest a relationship between overweight status and educational outcomes. As reported in Tables 3 and 4 , while overweight status reduces standardized cognitive test performance for vocabulary (KABCpt1) by 5.28 points (P ¼ 0.015) and for reading comprehension (KABC-pt2) by 5.53 points (P ¼ 0.034), this relationship is not maintained when early neonatal and family risk are entered into the model (KABC-pt1, P ¼ 0.135; KABC-pt2; P ¼ 0.214). Overweight status is unrelated to teacher rated academic progress (P ¼ 0.201) and achievement (P ¼ 0.571) (Tables 5 and 6 ).
Data do however provide some evidence suggesting a relationship between low BMI and educational outcomes. The lowest BMI trajectory reduces standardized cognitive test performance for vocabulary (KABC-pt1) by 3.18 points (P ¼ (Table 4) . Finally, while the lowest BMI trajectory reduces academic achievement by 0.18 points (P ¼ 0.043), evidence for a relationship between teacher rated achievement and progress is not maintained with the introduction of confounders.
Formation of trajectories did not change when only those subjects providing two or more BMI measures were included. Regression results did not differ when analysis was based upon the restricted sample of subjects (n ¼ 1404) providing two or more BMI measures between 4 and 7 years of age.
DISCUSSION
This study was designed to identify trajectories of developmental BMI and to determine if these BMI trajectories predicted later educational outcomes. Two major findings can be drawn from this study. First, analysis revealed a developmental trajectory wherein children are potentially at risk of being underweight for age and suggested children falling into this category may be at higher risk for weaker cognitive outcomes compared with their healthy weight counterparts. Second, this study confirms with the findings of others' 11, 18 that maintaining overweight during mid childhood is not a direct predictor of poorer education performance indicators. Abbreviations: CI, confidence interval; KABC, Kaufman's Assessment Battery for Children.
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In this study, 6.5 and 23.4% of the sample fell into a BMI trajectory classified, respectively, as overweight and low weight according to international classifications 42 and as varying around CDC's 5-10 percentile cutoffs for age-and sex-specific BMI. To our knowledge, studies employing BMI trajectories have been restricted to small, sex-specific samples 26 or older cohorts. 27 Findings from one Australia study found 6.0% of the sample (children between 4 and 7 years) to fall into a trajectory with overweight BMI, 4.2 and 23.6% into trajectories of very low and low BMI trajectories respectively. In addition, this Australian cohort revealed a small Weight status trajectories and child outcomes S Bisset et al (6.5% of sample) but important trajectory beginning with low BMI ascending to overweight BMI cutoffs at 7 years. In contrast with a body of research suggesting an association between obesity in childhood and poor academic performance, [11] [12] [13] [14] [15] this study revealed no such association. We cannot rule out that a significant relationship between the overweight cluster and later academic or cognitive outcomes may have emerged later in time. Namely, others have found overweight children's weight status to transition between the ages of 8 and 10 years, whereby they may either maintain overweight status or become healthy weight. 26 Thus, the overweight cluster in our study may indeed be heterogeneous. Alternatively, our limited study sample may have not permitted the identification of a trajectory ascending from healthy or overweight status. It is also possible that negative psychosocial experiences 7, 10, 17 and/or biological/cognitive consequences occur later in child development. 15 Future GBTM of children's BMI development might consider transitions between 8 and 10 years of age.
Importantly, however, the findings of this study revealing no prospective association between stable overweight BMI and poorer academic performance are consistent with knowledge derived from longitudinal evidence. 11, 18 No study to date has confirmed the hypothesized relationship between stable overweight status and later lower academic performance. Thus together with others, our results do not advance physiological mechanisms linking weight status to academic/cognitive performance.
The results of this study suggest that relative to healthy weight, cognitive and academic outcomes may be more problematic for children who are at risk for being underweight than those at risk for overweight. Certainly, these results need to be confirmed in future research. The association between cognitive outcomes and low BMI is plausible based upon a well-established link between nutritional deficiency and compromised cognitive development. 44 Furthermore, healthy dietary practices such as eating breakfasts that are high in cereals boasting glycemic index and load Weight status trajectories and child outcomes S Bisset et al are known to associate positively with children's behavior and cognition. 45 At this time, corroborating these findings is challenged as research based uniquely upon international classifications of BMI cutoffs 42 does not allow children who are underweight to be distinguished from those who are healthy weight. The mediating role breakfast consumption may have on the relationship between weight status and educational performance indicators should be tested in future research.
CONCLUSION
This study confirms existing knowledge suggesting children with stable overweight are not at higher risk for poorer academic/ cognitive outcomes and offers new findings showing sustaining a low BMI may place children at risk for poorer cognitive performance. Future research that can follow children's BMI longitudinally, particularly during the transition at ages 8 and 10 years, is needed to confirm and extend these findings. The use of weight status classification systems should permit the identification of low weight children, even in samples from mid and high incomes countries. Developmental trajectories might consider transitions in late childhood. Regression models predicting academic/cognitive outcomes from adiposity indicators may also consider how this relationship is influenced by measures of breakfast consumption.
